Curcumin the active component of turmeric is widely used as an anticancer agent for treating many human cancers. This study aimed at the extraction of curcumin from Curcuma Longa and investigates its therapeutic effect as ornithine decarboxylase (ODC) inhibitor in HepG2 cells. The proliferation of HepG2 cells was carried out by using the MTT assay. In addition, cell cycle analysis was evaluated by using the flow-cytometric technique. Our results showed that curcumin has the ability to inhibit the proliferation of HepG2 cells with IC50 of 24.79 μg/ml and induced G2/M cell cycle arrest. Moreover, it caused an elevation in the intracellular concentration of Ca 2+ . Moreover, in the curcumin administration the downregulation expression level of ODC and Bcl-2 genes (p ≤ 0.05) was significant found. On the other hand, upregulation in the expression level of P53, Bax, and caspase-3 genes (p ≤ 0.05). This study concluded that curcumin may be considered as a new saving candidate for the future progress of antitumor agents.
Introduction
Cancer is considered as a complex genetic disease that is caused primarily by environmental factors. The cancer-causing agents can be present in food and water, in the air, and in chemicals and sunlight that people are exposed to [1] . Primary liver cancer is considered the second most common cancer leading to death and sixth most diagnosed cancer worldwide [2] . Hepatocellular carcinoma is the vast malignant tumor it accounts for 85% -90% of primary liver cancers [3] . It is the fifth most common form of cancer; it ranks third as a death reason worldwide [4] . In some parts of the world, it is the most common form of internal malignancy and the most common cause of death from cancer [5] .
Although surgery, chemotherapy, and radiotherapy are considered as the most common methods of cancer treatment [6] . The clinical findings of the different treatment methods aren't acceptable and the available anti-cancer drugs exhibit limited efficacy with many adverse effects and are also expensive [7] . Most of the chemotherapeutic drugs which are used conventionally were designed to hit a single intracellular target and the physiological and mechanistic deregulations responsible for cancer development involve hundreds of genes or signaling cascades so that it appears that multi-target drugs are requested to overcome complex human diseases for instance cancer. So that researcher becomes interested in evaluating the anti-cancer effects of natural compounds to be capable of understanding their mechanism of actions [8] .
Curcumin is extracted from Curcuma longa (turmeric) rhizomes is the main ingredient in turmeric and curry [9] . Turmeric was used in China and India many years ago as traditional medicine [8] . Several studies have shown that curcumin exerts antioxidant, anti-inflammatory, anti-carcinogenic and chemopreventive activities on many tumor cells. The essential structure of curcumin is the feruloylmethane skeleton. This special structure is responsible for the antioxidant activity of the curcumin [10] . It consists of two benzene rings, one having a phenol hydroxy and the other having a phenol methoxy showing the ability of curcumin to act as a hydrogen donor eliminating oxygen free radicals [11] . Several studies have shown that curcumin possesses anti-proliferative and anti-carcinogenic properties in a wide variety of in vitro and in vivo studies. Curcumin influences cell death by multiple, interdependent processes. It exerts its anticancer activity by Modulating the expression level of several target genes. [12] [13] [14] .
Ornithine decarboxylase (ODC; EC 4.1.1.17) is a pyridoxal phosphate (PLP)-dependent amino acid decarboxylase. It is homodimer containing two active sites [15] . ODC is the first enzyme in the biosynthesis of polyamines, it catalyzes the decarboxylation of ornithine to putrescine, it is also the rate-limiting enzyme [16] . The down-regulation of ODC results in increased activity of ODC and may result in malignant transformation of cells. High activity of ornithine decarboxylase is seen in many common cancers. ODC has a very short half-life 10 -20 minutes in eukaryotes, which reflects the extremely rapid rate of ODC turnover so that its expression is tightly regulated. The regulation of ODC is found to be deregulated in various malignancies including liver tumors. So ODC has become a logical target for drug control and a promising target for cancer research [17] . Some studies reflected the ability of curcumin to induce apoptosis in a number of cancers by inhibiting the activity of ODC [18] [19] . In this study, we studied the ability of curcumin to induce apoptosis of HepG2 cells by downregulating the expression level of the ODC gene. Our results confirmed that curcumin inhibits the proliferation of HepG2 cells by regulation of the expression level of ornithine decarboxylase gene along with inducing the mitochondria-mediated pathway of apoptosis.
Materials and Methods

Extraction of Curcumin from Curcuma longa
Extraction of curcumin was performed according to the method explained by [20] using soxhlet extraction followed by column chromatography.
A JNS-CO Spectrum System 4100 LE FTIR spectrometer (Japan) was used for the analysis of a purified extract of Curcuma Longa. The spectral FTIR are measured at a mid-infrared region corresponding to wavenumbers of 4000 -650 cm −1 with a resolution of 4 cm −1 [21] .
Determination of Antioxidant Activities of Curcumin
Total antioxidant activity was estimated according to the free radical diphenylpicrylhydrazyl (DPPH) method was described by [22] .
Cell Line and Cell Culture
HepG2 cells (ATCC, Manassas, Virginia, USA; Cat.no. HB 8065) were cultured in DMEM medium (GIBCO, New York, USA; Cat.no.11995073) provided by 10% heat-inactivated fetal bovine serum (GIBCO, Grand Island, New York, USA; Cat.no.10099133), in addition 1% antibiotic/antimycotic "penicillin/streptomycin" (Thermo Fisher Scientific; Waltham, MA, USA; Cat.no. SV30082) and 2% L-glutamine (Invitrogen, Grand Island, New York, USA; Cat.no. 25030024) in a 95% humidity with 5% carbon dioxide incubator at 37˚C [23] .
Cell Toxicity Determination by MTT Technique (Determination of IC 50 )
The anti-cancer activity of the curcumin was assessed using MTT assay [3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Molecular Probes, Eugene, Oregon, USA; Cat.no.V-13154)]. HepG2 cells were seeded at a density of 1 × 10 4 cells/well (100 μL/well) for 24 h. The curcumin was applied separately at different concentrations to the wells achieving final concentrations ranging from 0 to 16 μM and the cells were cultured for 24 and 48 h. At the finale of incubation, after that 10 μL of 12 mM MTT stock solution (5 mg/ml MTT in sterile PBS) was added to each well. The plate was incubated for four hours at 37˚C. MTT solution was aspirated and 100 μL DMSO was added for 20 minutes. Negative control of 10 μL of the MTT stock solution added to 100 μL of medium alone was included. The absorbance was read on an ELISA reader at 570 nm. The percentage of surviving cells was calculated as OD of curcumin-treated sample/OD of control × 100%. Assays were carried out in triplicate on three in-dependent experiments. The inhibiting curcumin concentration of 50% of cells (IC 50 ) was calculated using the sigmoidal curve [23] .
Cell Cycle Assessment by Propidium Iodide Using Flow Cytometry
HepG2 cells were grown at a density of 1 × 10 6 cells/ml in 6-well plates and then treated with 0, 10, 20, and 40 μmol/L concentrations curcumin for 24 h. after that cells were harvested and fixed in 70% ethanol and stored at 4˚C overnight.
The fixed cells were centrifuged at 1000 × g for 5 min and washed with cold phosphate-buffered saline (PBS) three times. At last, cells were incubated with 50 μg/mL Propidium containing 8 μg/mL Ribonuclease A in the dark at 37˚C for 30 min. The DNA content of cells was quantified by flow cytometry [23] .
Determination of ODC Concentration on HepG2 Cells
The concentration of ODC was assessed using Ornithine Decarboxylase ELISA Kit purchased from (Cusabio, USA) (following the manufacturer's protocol). 
Measurement of Intracellular Concentration of Ca 2+ in HepG2 Cells
Intracellular Ca +2 were assessed using Calcium Colorimetric Assay Kit following the manufacturer's protocol (Sigma Aldrich, Catalog Number MAK022). 
Determination of the Antioxidant Activity of Curcumin in HepG-2 Cells
L-Malondialdehyde (L-MDA) was determined according to the method of [25] . The activity of superoxide dismutase (SOD) was determined according to the method of [26] . One unit of enzyme activity is defined as the amount of enzyme that gave 50% inhibition of NBT reduction in one minute.SOD Activity: IU/mL = % inhibition × 3.75. Catalase activity was evaluated according to the method described by [27] . The activity of GPX was determined using Glutathione Peroxidase Activity Colorimetric Assay Kit purchased from (Bio-diagnostic, Egypt) according to the method described by [28] .
Statistical Analysis
All the data were expressed as means ± S.E. The statistical significance was evaluated by one-way analysis of variance (ANOVA) using SPSS (18.0 software, 2011) and the individual comparisons were obtained by Duncan's multiple range test (DMRT). Values were considered statistically significant when p < 0.05.
Results
Extraction and Determination of Curcumin
Curcumin was extracted from Curcuma Longa as described previously. The extract was subjected to the TLC and was purified according to the Rf values which were 0.67, 0.6, and 0.506 for curcumin, demethoxycurcumin, and bisdemethoxycurcumin respectively. The curcumin structure was identified using FTIR spectrum. FTIR spectrum of curcumin showed a characteristic stretching band of O-H at 3512 cm -1 . The peak at 3014 cm -1 represents C-H Stretching and 1602 cm -1 peak was assigned to C = C symmetric aromatic ring stretching. The peak at 1506 cm -1 represents C = O, while enol C-O peak was obtained at 1280 cm -1 and benzoate trans-C-H vibration was at 962 cm −1 ( Figure 1 ).
Antioxidant Activity of Curcumin
Using DPPH free radical scavenging activity the antioxidant activity of the curcumin was assessed by comparing the IC 50 of the ascorbic acid. The IC 50 of the curcumin was 3.7 ± 0.20 μg/mL which is closer to the ascorbic acid 2.2 ± 0.23 μg/mL.
The Cytotoxicity of Curcumin by MTT Assay
The cytotoxicity of curcumin on HepG2 cells was assessed by MTT assay. After treatment with Curcumin (0 to 16 μM) for 24 h and 48 h, the proliferation of HepG2 cell was significant as shown in (Figure 2 ). The 50% inhibiting concentration (IC50) was 24.79 μg/mL. 
Effect of Curcumin on the Cell Cycle in HepG2 Cells
The effect of extracted curcumin on the cell cycle in HepG2 cells was estimated by flow cytometry using propidium iodide (PI). The obtained data revealed a significant number increase of HepG2 cells in G2/M phase in the treated cells compared with untreated cells with the highest levels in the standard group. In contrast, these treatments resulted in either a significant decrease the number of HepG2 cells in G0/G1 or no significant change in a number of cells in S phase as compared to G1 with lowest levels in G2 and highest in G3 (Table 2 
Effect of Curcumin on ODC Concentration in HepG2 Cells
The concentration of ODC in HepG2 cells of the control group was significantly increased (p ≤ 0.05). This elevated concentration was significantly (p ≤ 0.05) decreased after administration of standard curcumin at a dose of 10 ug/mL when applied for 24 h. Similarly extracted curcumin at a dose of 10 ug/mL resulted in a significant decrease in ODC concentration when applied for 24 h. The standard curcumin showed a significant reduction in ODC concentration than that extracted curcumin (Figure 4 ).
Molecular Analysis
Real-time PCR was used to detect the relative expression of ODC, P53, apoptosis-related genes (Bax and caspace3), and anti-apoptosis gene, Bcl2, that reflects the changes in transcription levels of these genes in HepG2 cells after administration of curcumin.
Effect of Curcumin on the Relative Expression of ODC Genein
HepG2 Cells Our finding emphasized a significant (p ≤ 0.05) upregulation in the expression level of the ODC gene in HepG2 cells of control groups. This elevated expression was downregulated after administration of both standard and extracted curcumin at a dose of 10 ug/mL when applied for 24 h and 48 h. Generally, the standard curcumin showed significantly lower expression than that of the extracted curcumin with better results at 48 h than 24 h. on the other hand, the expression level of ODC gene showed no significant difference in treatment with a low dose (10 ug/mL) and high dose (20 ug/mL) ( Figure 5 ).
Effect of Curcumin on the Relative Expression of P53 Genein
HepG2 Cells The significant upregulation in the expression level of the P53 gene in HepG2 cells after administration of as compared to of control groups in a time-dependent manner was indicated in data. In general, the standard curcumin showed significantly higher expression than that of the extracted curcumin with better results at 48 h than 24 h. However, no significant difference in the expression level of P53 gene was shown in treatment with a low dose (10 ug/mL) and high dose (20 ug/mL) ( Figure 6 ).
Effect of Curcumin on the Relative Expression of the Bax Genein
HepG2 Cells Our data revealed a significant upregulation in the expression level of the Bax gene in HepG2 cells after administration of curcumin in a time-dependent manner as compared to control groups ( Figure 7) . In general, the standard curcumin showed significantly higher expression than that of the extracted curcumin with better results at 48 h than 24 h. However, no significant difference in the expression level of Baxgene was shown in treatment with a low dose (10 ug/mL) and high dose (20 ug/mL). 
Effect of Curcumin on the Relative Expression of Caspase3 Genein HepG2 Cells
Data confirmed that a significant upregulation in the expression level of the caspase3 gene in HepG2 cells after administration of curcumin in a time-dependent manner as compared to control groups. In general, the standard curcumin showed significantly higher expression than that of the extracted curcumin with better results at 48 h than 24 h. However, no significant difference in the expression level of caspase3 gene was shown in treatment with a low dose (10 ug/mL) and high dose (20 ug/mL) ( Figure 8 ). 
Effect of Curcumin on the Relative Expression of Bcl2 Genein HepG2 Cells
The results revealed a significant upregulation in the expression level of the Bcl2 gene in HepG2 cells of control groups which were downregulated after administration of curcumin at a dose of 10 ug/mL when applied for 24 h and 48 h. In general, the standard curcumin showed significantly lower expression than that of the extracted curcumin with better results at 48 h than 24 h. However, no significant difference in the expression level of Bcl2 gene was shown in treatment with a low dose (10 ug/mL) and high dose (20 ug/mL) ( Figure 9 ). 
Effect of Curcumin on Intracellular Concentration of Ca 2+ in HepG2 Cells
The significant (p ≤ 0.05) decrease in the intracellular concentration of Ca 2+ in HepG2 cells of control groups was illustrated in our data. This reduced expression was significantly elevated after administration of curcumin at a dose of 10 ug/mL when applied for 24 h and 48 h as compared to the control group. In general, the standard curcumin showed a significant higher Ca 2+ concentration than that of the extracted curcumin with better results at 48 h than 24 h. However, no significant difference in the Ca 2+ concentration was shown in treatment with a low dose (10 ug/mL) and high dose (20 ug/mL) ( Figure 10 ).
Assessment of the Antioxidant Effect of Curcumin
Effect of Curcumin on L-Malondialdehyde (L-MDA)
This results showed that a significant (p ≤ 0.05) increase in the level of L-MDA in HepG2 cells of control groups. This elevated level was significantly (p ≤ 0.05) decreased after administration of standard curcumin at a dose of 10 ug/mL when applied for 24 h. Similarly, the extracted curcumin (at a dose of 10 and 20 ug/mL) resulted in a significant decrease in L-MDA concentration when applied for 24 h as compared to the control group. In general, the standard curcumin showed a significant lower L-MDA concentration than that of the extracted curcumin with no significant difference in the L-MDA concentration was shown in treatment with a low dose (10 ug/mL) and high dose (20 ug/mL) ( Figure 11 ). administration of standard curcumin at a dose of 10 ug/mL when applied for 24 h. Similarly, the extracted curcumin (at dose of 10 and 20 ug/mL) resulted in a significant increase in SOD level when applied for 24 h as compared to control group with no significant difference in the SOD concentration was shown in treatment with low dose (10 ug/mL) and high dose (20 ug/mL) ( Figure 12 ).
Effect of Curcumin on Superoxide Dismutase (SOD) Level in HepG2 Cells
Effect of Curcumin on Catalase (CAT) Level in HepG2 Cells
Our results confirmed a significant (p ≤ 0.05) decrease in the level of CAT in HepG2 cells of control groups. This reduced level was significantly (p ≤ 0.05) elevated after administration of standard curcumin at a dose of 10 ug/mL when applied for 24 h. Similarly, the extracted curcumin (at a dose of 10 and 20 ug/mL) resulted in a significant increase in CAT level when applied for 24 h as compared to the control group. In general, the standard curcumin showed a significant higher CAT level than that of the extracted curcumin with higher levels of CAT in cells treated with high dose (20 ug/mL) than cells treated with a low dose (10 ug/mL) ( Figure 12 ).
Effect of Curcumin on Glutathione Peroxidase (GPX) Level in HepG2 Cells
Our data indicated a significant (p ≤ 0.05) decrease in the level of GPX in HepG2 cells of control groups. This reduced level was significantly (p ≤ 0.05) elevated after administration of standard curcumin at a dose of 10 ug/mL when applied for 24 h. Similarly, the extracted curcumin (at a dose of 10 and 20 ug/mL) resulted in a significant increase in GPX level when applied for 24 h as compared to the control group. In general, the standard curcumin showed significantly higher levels of GPX than that of the extracted curcumin with no significant difference in the GPXlevels was shown in treatment with a low dose (10 ug/mL) and high dose (20 ug/mL) ( Figure 12 ). 
Discussions
The hepatocellular carcinoma (HepG2) cell line was selected to assess the inhibitory effect curcumin on ornithine decarboxylase owing to treatment of hepatocellular carcinoma. The finding of this study illustrated curcumin has the ability to downregulate the expression level of the ODC gene, inhibit HepG2 cell proliferation and promote apoptosis. It is well known that hepatocellular carcinoma (HCC) is one of the most common malignancies ranking fifth most common cancer all over the world. [29] The study demonstrated the several natural products extracted from medicinal plants have been studied for their antioxidant and anti-cancer effects by inhibiting the proliferation, invasion, and metastasis of cancer cells. On the other hand, several types of research have revealed the mechanisms of their action, much research is still needed. [30] The study confirmed the curcumin which is extracted from the rhizomes of Curcuma longa sp. has received attention as a potential agent in cancer therapy. [31] The study revealed the accumulating evidence shows that curcumin has a diverse range of molecular targets, and therefore acts upon numerous molecular and biochemical cascades. [32] Indicated the molecular targets for curcumin include inflammatory cytokines, transcription factors, gene products related to cell invasion and others. [33] Confirmed the biosynthetic pathway of polyamines, the ODC is considered as the rate-limiting enzyme that appears to have a vital role in cell proliferation, differentiation, and neoplastic transformation. The induction of ODC has been suggested to play a significant role in tumor promotion. It is commonly upregulated in hepatocellular carcinoma. Therefor ODC inhibition was shown to be a promising tool for screening inhibitors of tumorigenesis [19] . In this study, the antiproliferative activity of curcumin was evaluated by MTT assay and discovered that curcumin effectively inhibited the growth of HepG2 cells at 24 h with IC 50 (24.79 μg/mL). On the basis of this finding, we decided to find out the mechanism of cell death caused by curcumin treatment, cell-cycle analysis by flow cytometer showed that curcumin treatment induced a dose-dependent accumulation of HepG2 cells in G2/M phase with accompanied losses from the G0/G1 phase. But the S-phase population was not significantly increased [23] . These results suggested that curcumin caused a cell-cycle arrest in G2/M phase. These results were in accordance with results of on HepG2 cells and [34] on pancreatic cancer cells which revealed that curcumin-induced cell cycle arrest at G2/M phase and apoptosis in both of them.
In order to elucidate the molecular mechanism of the ability of curcumin to induce cell cycle arrest and cause apoptosis, the expression of a number of genes was tested after the administration of curcumin. On studying the effect of curcumin on the relative expression of ODC gene in HepG2 cells results revealed upregulation in the expression level of the ODC gene in HepG2 cells of control groups and this elevated expression was downregulated after administration of curcumin in a time-dependent manner. This indicates that curcumin may intercept the growth-promoting and mutagenic function of polyamines resulting in inhibition of the growth of HepG2 cells and thus lead to apoptosis of the cells. This finding was similar to the results of [18] which suggested that curcumin-induced apoptosis in human promyelocytic leukemia HL-60 cells occurs by a mechanism of down-regulating ODC. Our finding indicated that treatment with curcumin-induced apoptosis of the tumor cells by the upregulation in the expression level of the P53 gene in HepG2 cells after administration of curcumin in a time-dependent manner. This result agrees with the previous studies that also reflected the role of curcumin in upregulating P53 protein expression in cancer cells of lymphoma-bearing mice [35] , human multiple myeloma cell line RPMI 8226 cells [36] and vascular smooth muscle cell line, A7r5 [37] .
The present study investigated the apoptotic effect of curcumin on HepG2 cells by studying the effect of curcumin on the expression of the genes of the apoptotic proteins Bax and caspase-3 and the anti-apoptotic protein Bcl-2. Bax promotes cell apoptosis while Bcl-2 prevents apoptosis by blocking the translocation of cytochrome c [38] the decrease of Bcl-2/Bax ratio is followed by the activation of caspase-3, the release of cytochrome c. [39] . The data showed a significant upregulation expression level of both Bax and Caspase-3 genes in HepG2 cells after administration of curcumin, while the results showed upregulation expression level of the Bcl2 gene in HepG2 cells of control groups which were downregulated after administration of curcumin, thereby decreasing the Bcl-2/Bax ratio. The Bcl-2 family has been shown to be a P53 target, Bax is up-regulated in a number of systems during P53-mediated apoptosis [40] . So curcumin can regulate the expression of Bcl-2 family proteins either through regulating the expression of a P53 protein or directly resulting cytochrome c re-lease from the mitochondria and then caspase-3 activation leading to cell apoptosis, this all indication reflects the role of curcumin in inducing apoptosis through the mitochondria-mediated pathway.
In this study, we also studied the effect of curcumin on intracellular calcium levels and the results showed a significant decrease in the intracellular concentration of Ca 2+ in HepG2 cells of control groups which were elevated after administration of curcumin in a time-dependent manner. These results were in accordance with the results of [41] that suggested that curcumin-induced apoptosis and cell cycle arrest in colorectal cancer cells by increasing intracellular calcium levels. Calcium overload has been shown to play a critical role in the mechanism of initiation and regulation of cell apoptosis. [42] Calcium overload has a great effect on mitochondria as mitochondria take up cytosolic Ca 2+ resulting in mitochondrial Ca 2+ overload, which results in mitochondrial dysfunction including loss of mitochondrial membrane potential (MMP) leading to the rupture of the outer membrane which in turn results in the release of mitochondrial apoptotic factors into the cytosol in which cytochrome c is released, that results in procaspase-9 activation, and the activation of effector caspasescaspases-3 resulting in apoptosis [43] .
Conclusion
The administration of curcumin to HepG2 cells resulted in inhibition of cell proliferation. Apoptosis of HepG2 cells induced by curcumin may be stimulated by down-regulation of the expression of ornithine decarboxylase gene. Also, the results revealed the ability of curcumin to induce apoptosis through upregulating P53 gene expression and by stimulating the mitochondrial pathway of cell death through increasing levels of intracellular Ca 2+ , upregulating the expression level of caspase-3 gene and decreasing the Bcl-2/Bax ratio. This finding provided a molecular basis for the development of natural compounds as novel anticancer agents for HCC.
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